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Description

[0001] The invention generally relates to motion sim-
ulation and in particular to motion system platforms and
controls thereof as defined in claim 1.

[0002] This document describes a method and an ap-
paratus for haptic control and a motion simulation sys-
tem. This system is based on a feedback to at least two
user contact points and uses software with pre-pro-
grammed controls acting in dependency of the feedback.
[0003] The US2013/0045812 A1 discloses a six-de-
gree of freedom, cam-controlled support platform. The
control may move the platform according to pre-pro-
grammed pattern, but uses no feedback at all.

[0004] The US 5,050,086 discloses an aircraft lateral-
directional control systems with a plurality of control
loops, uses models of wind speed and angles, and fea-
tures of the pertinent aircraft, but aims only to automati-
cally controlling an aircraft’s horizontal flight path and
sideslip angle. The US 2010/0092267 A1 discloses a re-
mote interfacing utilising haptic technology.

Further Background

[0005] Motion simulation systems have included plat-
forms for supporting and initiating physical movement for
participants in film exhibitions and amusement attrac-
tions as well as simulation products. Such systems have
been designed to provide physical movement to partici-
pants with film or computer simulation activities.

[0006] Motion simulators suchthose as foramusement
attractions and flight simulators include a system that ar-
tificially recreates motions such as aircraft flight and var-
ious aspects of a flight environment. Typically, these sys-
tems include software operated algorithms that govern
how a vehicle moves such as in aircraft flight, and how
the vehicle reacts to vehicle controls and to external en-
vironmental factors such as air density, turbulence, and
the like. By way of example, flight simulation is used for
a variety of reasons, including flight training for pilots,
design and development of the aircraft itself, and re-
search regarding aircraft characteristics and control han-
dling qualities. Further, flight simulations may employ
various types of hardware, modeling detail and realism.
[0007] Systems may include PC laptop-based models
of a simple cockpit replica to more complex cockpit sim-
ulations, and with wide-field outside-world visual sys-
tems, all mounted on six degrees-of-freedom (DOF) mo-
tion platforms which move in response to pilot control
movements and external aerodynamic factors. Yet fur-
ther, 6-axis motion systems have been used for simula-
tion in other fields such as driver training and driving re-
search. Simpler systems with less degrees of freedom
have been used for a wide variety of applications includ-
ing flight cabin staff training, medical applications, and
maritime training.

[0008] Early motion systems typically gave move-
ments in pitch, roll and yaw, and the payload was limited.
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The use of digital computers for flight simulation typically
was limited to specialist high-end computer manufactur-
ers, but with the increasing power of the PC, arrays of
high-end PCs are now also used as the primary comput-
ing medium in flight simulators.

[0009] The early models generally used TV screens in
front of the replica cockpit to display an Out-The-Window
(OTW) visual scene. Computer-based image generator
systems also used TV screens and sometimes projected
displays including collimated high end displays for pilot
training.

[0010] As improvements to motion simulator systems
developed with advances in technology, demand in-
creased for full flight simulators (FFS) to duplicate rele-
vant aspects of the aircraft and its environment, including
motion. A six degrees-of-freedom (DOF) motion platform
using six jacks is a modern standard, and is required for
Level D flight simulator standard of civil aviation regula-
tory authorities such as the Federal Aviation Administra-
tion (FAA) in the US and the European Aviation Safety
Agency (EASA) Europe. The FAA FFS Level D require-
ments are the highest level of FFS qualification currently
available. The motion platform must have all six degrees
of freedom, and the visual system must have an outside-
world horizontal field of view of atleast 150 degrees, with
a collimated distant focus display and with a transport
delay to conform to the FAA FFS Level D requirements.
Realistic sounds in the cockpit are required, as well as a
number of special motion and visual effects.

[0011] Inorderfora user to feel that a motion simulator
is accurate, the simulator has to behave in a way that
feels realistic and predictable. By way of example, if a
pilot gently guides a simulated aircraft into a turn, the
motion simulator shouldn't tilt at a sharp angle, which
would represent a much tighter turn. Data gathered from
computer models, field tests and complex algorithms are
typically used to program simulator behavior. Force-
feedback greatly affects the user’s experience, making
it seem more real and consequently a more effective
training environment.

[0012] Cam driven motion systems have been used in
products for the amusement and for low-end simulation
in the simulation industries. Cam driven systems have
been provided with a variety of geometries and axis ar-
rangements, including 3-axis systems and 6-axis sys-
tems, such as used by E2M Technologies in the Nether-
lands.

[0013] Some of these systems have used induction
motors controlled by variable speed drives (VSDs) using
analogue control signals from a motion controller based
on a PID loop. A Proportional, Integral, Derivative (PID)
loop is typically used by controllers to eliminate the need
for continuous operator attention. These induction motor
systems experience problems with motion lag caused by
slip between the field and the rotor which results in a
large error between the commanded and actual position.
Further, servo motor controlled systems known in the
industry have also not met the requirements for Level D.
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Such position errors are increasingly problematic as mo-
tion systems in simulators and amusement attractions
utilize higher speed computer rendering and graphics as
users can sense and experience this lag, slow response
time and an out- of-sync experience.

[0014] Systems have sought to achieve multi-axis mo-
tions systems such as the Stewart platform which used
a 3 to 3 and 3 to 6 configuration which was difficult to
produce due to the complexity of the co-joined bearings.
[0015] Known induction motor and servo motor sys-
tems also have limitations in the control of the position
of the system in relation to an activity of the user such
as simulation activity like flying or viewing a film or visual
depiction in a simulator. These systems also experience
problems induced by activities such as high frequency
vibrations that affect the life and performance of the mo-
tors. Payloads have also been limited by these designs
due to the power-to-size ratios of both induction motors
and servo motors with currently known control systems.
[0016] There remains a need for an improved motion
simulation system with improved control of the motion
and synchronization between the physical motion and
response time to provide a smooth motion and realistic
motion experience. There is further a need for such sim-
ulation systems to be capable of supporting a high pay-
load while maintaining the smooth and realistic motion
experience. There is also a need for a motion system
that can be easily reconfigured and adjusted for varying
operating scenarios or applications.

[0017] The invention provides such a motion system
with the features of the characterizing part of claim 1.
These and other features and their achievements are
given in the following summary and the following detailed
description.

Summary

[0018] An aspectincludes a motion simulation system
comprising a platform, at least one connector rod having
opposing proximal and distal ends thereon, wherein the
distal end of the at least one connector rod is rotatably
connected to the platform, and at least one actuator. The
actuator may comprise a motor/gearbox assembly hav-
ing a servomotor operable with a planetary gearbox and
shaft driven thereby, a crank arm having a proximal end
fixedly attached to the shaft for rotation thereby, and a
distal end rotatably connected to the proximal end of the
connector rod. Yet further, the actuator may include a
base and a support having a proximal end affixed to the
base and an opposing distal end affixed to the mo-
tor/gearbox assembly for fixedly attaching the mo-
tor/gearbox assembly in spaced relation to the base or
foot for permitting the crank arm to make rotations about
an axis of the shaft. Generally for one, two and three
degree of freedom systems, full 360 degree rotations are
employed, and may be made available for six degree of
freedom systems. A controller may be operable with the
actuator for providing an electric signal to each of the
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servomotors for providing a preselected motion to the at
least one connector rod and thus the platform, wherein
the control system directs input forces and rotational
movements into positions of the platform.

[0019] One motion simulation system may comprise a
foundation or base, at least one or a plurality of actuators
connected to the foundation and at least one top plate
movably connected with the actuators and configured to
connect a platform assembly. Each of the actuators may
comprise a support plate configured to connect with the
foundation and having an aperture that receives a plan-
etary gearbox. The gearbox is engaged with and driven
by at least one electric servo motor and connected to a
drive shaft. The motor and gearbox and shaft can be
provided as a single unit referred to as a motor/gearbox
assembly. The drive shaft is engaged with at least one
main crank. A main crank is movably connected with a
connector rod by bearings at a first proximal end of the
connector rod. At the distal end of the connector rod,
bearings are attached and connected with a top plate. A
top plate may be configured to attach to the platform as-
sembly to drive the platform assembly in use.

[0020] The motion simulation system may include a
control system for controlling movement of an actuator
for recreating acceleration, reducing the acceleration to
zero while sending the system to a neutral position below
a level of perception of a user of the simulation system,
by way of example. The control system for professional
training desirably includes a washout filter module used
to transform input accelerations of a vehicle into positions
and rotations of the motion platform so that the same
forces can be reproduced using a limited motion enve-
lope of the motion platform. This washout filter is an im-
plementation of a classical washout filter algorithm with
improvements including a forward speed based input sig-
nal shaping, extra injected position and rotation, extra
injected cabin roll/pitch, and rotation center offset from
the motion platform center when in the neutral position.
The washout filter has two main streams including high
frequency accelerations (short term and washed out),
and low frequency accelerations which are sustained
(herein termed a gravity vector).

[0021] The control system sends signals to the electric
motor to drive the actuator to and through its desired
positions. For example, the control system sends signals
to vary the speed of the electric motors and to move the
actuator elements into a desired position by moving the
crank through a path of rotation and the connector rod
through one or more paths in and across multiple axis of
rotation.

[0022] The motion system may utilize a single axis, or
multi-axis systems including by way of example, one,
two, three and six axes. The motion system components
can be varied to provide these different configurations or
to provide different application with the same axis struc-
ture. For example, the number, size and positioning of
components may be varied by varying the number of
crank arms and connector rods and planes which they
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rotate and work. Electric servo motors and planetary gear
boxes may be provided according to the number of axes,
or some multiple of the number of axes. For example,
the system may be provided with two motors and two
gearboxes per actuator or four motors and four gearbox-
es per actuator, and yet further, six motors and six gear-
boxes, as desired to meet performance and payload re-
quirements, by way of example. Support plates may be
provided with one per actuator while main cranks can be
provided with one per actuator or two per actuatorin con-
figurations, where four motors and four gearboxes drive
one actuator. Connector rods typically are provided one
per actuator with two spherical bearings per actuator,
one bearing at each end of the connector rod or arm
member.

[0023] Configurations herein described by way of ex-
ample include 3-axis and 6-axis motion systems. By way
of example, in one 6-axis configuration, the motor/gear-
box/driveshaft and crank arm may be placed at 90° an-
gles. The crank arms and connector rods, by way of ex-
ample, may use spherical bearings and do not work in
the same plane of motion. This provides six degrees of
freedom by rotation in three directions and combinations
of all rotations and translations. In a two axis system, the
motor/gearbox/driveshaft and crank arm may be posi-
tioned along a common line such that the crank arm and
connecting rod operate in same plane. This provides two
degrees of freedom, a single rotation and single transla-
tion degree. With appropriate guides, such a system can
also provide a single degree of freedom, typically with
translation in a heave motion.

[0024] In one embodiment of a 6-axis system, six ac-
tuators are equally spaced 60° apart on a nominal circular
base plate. The actuators are connected to a top plate
(platform portions) in a similar arrangement. There are
six attachments at the top which ease the construction
of the system. The actuators move in synchronization to
create motion in six directions as follows: Pitch (rotation
about a transverse axis parallel to the top plate normally
notated as the y axis in local coordinates); Roll (rotation
about a longitudinal axis parallel to the top plate normally
notated as the x-axis in local coordinates; Yaw (rotation
about a vertical axis which intersects the x and y axes at
their intersection and normally notated as the z-axis in
local coordinates); Surge (translation along the x-axis);
Sway (translation along the y-axis); Heave (translation
along the z-axis); and combinations thereof.

[0025] Advantages and benefits of the systems and
methods according to the teachings of the presentinven-
tion include, but are not limited to hardware improve-
ments, configuration flexibility, controls hardware and
software, profile generating software tool, special effects
library, event synchronization, motor synchronization,
embedded motion profile playback, and a regenerative
power system as far as covered by the claims.
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Brief Description of Drawings

[0026] Embodiments of the invention are described by
way of example with reference to the accompanying
drawings in which:

FIG. 1 is a perspective view of a Six Degree of Free-
dom, 6-axis motion system, according to the teach-
ings of the present invention;

FIG. 1A is a perspective view of an alternate embod-
iment of the system of FIG. 1 employing single motor
actuators with alternate supporting shaft member;
FIG. 2 is a perspective view of an actuator used with
the Six Degree of Freedom, 6-axis motion system of
FIG. 1;

FIG. 3 is a perspective view of the Six Degree Free-
dom system in a neutral position;

FIGS. 4 and 4A are perspective views of the Six De-
gree of Freedom system in heave down and heave
up moments, respectively;

FIG. 5 is a perspective view of the Six Degree of
Freedom system in a pitch movement;

FIG. 6 is a perspective view of the Six Degree of
Freedom system in a roll movement;

FIG. 7 is a perspective view of the Six Degree of
Freedom in a surge movement;

FIG. 8 is a perspective view of the Six Degree of
Freedom system in a sway movement;

FIG. 9 is a perspective view of the Six Degree of
Freedom system in a yaw movement;

FIG. 10 is a diagrammatical illustration of move-
ments in the Six Degree of Freedom system about
three axes;

FIG. 11is a perspective view of a Six Degree of Free-
dom 6-axis system employing dual motor/gearbox
actuator assemblies;

FIG. 12 is a perspective view of a quad motor/gear-
box actuator useful in a 3-axis motion system;
FIGS. 12A and 12B are perspective views of the
quad motor/gearbox actuator of FIG. 12 in fully up
and fully down positions, respectively;

FIG. 13 is a perspective view of a 3-axis motion sys-
tem according to the teachings of the present inven-
tion, wherein the system employs the actuators of
FIG. 12 and shown in a neutral position;

FIG. 14 is a table of actuator positions at their excur-
sion limits for the Six Degree of Freedom system
embodiment of FIG. 1, wherein various actuator po-
sitions are illustrated with reference to FIGS. 3-9, by
way of non-limiting example;

FIGS. 15 and 16 are perspective and top plan views,
respectively, of a known actuator having a six mo-
tor/gearbox assembly used in a European amuse-
ment ride as the motion system, yet not as an actu-
ator as herein described;

FIGS. 17A-17G are multiple views illustrating one
amusement ride using the motion simulation sys-
tems herein described by way of example for various
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position locations within a ride;

FIGS. 18A and 18B together include a flow chart of
one control system illustrating process and logic
functions for a three degree of motion system, ac-
cording to the teachings of the present invention;
FIGS. 19A and 19B together include a flow chart of
one control system illustrating process and logic
functions for a six degree of motion system, accord-
ing to the teachings of the present invention; and
FIG. 20is a flow chart illustrating one modular archi-
tecture of a washout algorithm according to the
teachings of the present invention.

Detailed Description of Embodiments

[0027] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which embodiments of the invention are
shown by way of illustration and example. This invention
may, however, be embodied in many forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in
the art. Like numerals refer to like elements.

[0028] In one embodiment of a motion simulation sys-
tem according to the teachings of the present invention,
and as illustrated with reference initially to FIG. 1, a mo-
tion system 10 is shown as a 6-axis motion system. As
noted, the motion system 10 can be provided with a va-
riety of axis combinations from one to six axis systems,
by way of example. The motion system 10 comprises a
foundation in the form of a system base 12 with raised
feet 14. The system base 12 can take a variety of con-
figurations to supply the particular application of the sys-
tem 10. The motion system 10 also includes a plurality
of actuators 16, herein identified as 16a, 16b, 16¢, 16d,
16e and 16f, with each actuator 16 mounted on the sys-
tem base 12 spaced apart generally in a hexagonal ar-
rangement by way of non-limiting example. Each actua-
tor 16 (herein a single motor/gearbox actuator assembly)
is connected to a section of a platform 18. By way of
example, the platform 18, as herein described by way of
non-limiting example, is formed with six individual sec-
tions of 20 A-F to illustrate a standalone structure. How-
ever, the system 10 may be connected to a selected sim-
ulator using three of the sections including 20A, 20C and
20E, each of which has upper portions of the connector
rods 58 pivotally attached using upper bearings 62. The
platform 18, or sections thereof, is configured to be con-
nected to the system base 12 for a particular application
of an embodiment the motion system 10 for a flight sim-
ulator or an amusement ride, by way of example.
[0029] Each of the actuators 16 (16a, 16b, 16¢, 16d,
16e and 16f) is comprised of components described in
relation to the actuator 16 having the single motor/gear-
box assembly in FIG. 2, by way of example. The actuator
16 includes a main actuator support 22 having a base or
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foot 24 connected to the system base 12 and a vertical
stand 26 rising from the foot 24 and having an aperture
28 in an upper portion of the vertical stand configured to
receive a motor/gearbox assembly 30. The motor/gear-
box assembly 30 includes an electric servomotor 32 con-
nected to a planetary gearbox 34 which motor/gearbox
assembly 30 is engaged with a drive shaft 36 ata proximal
end thereof which is driven by the motor 32. The motor
32, the gearbox 34 and the drive shaft 36 is therein pro-
vided as a single unit referred to the "motor/gearbox as-
sembly" 30 but can be provided as separate components
without departing from the teachings of the present in-
vention.

[0030] The motor 32 is an electrical servo motor that
is controlled by a control system as will later be described.
[0031] With continued reference to FIGS. 1 and 2, the
motor/gearbox assembly 30 is connected to a main crank
40 having an aperture 42 surrounding a distal end 44 of
the drive shaft 36. The crank 40is arigid, elongated mem-
ber having a face 46 connected perpendicularly to the
plane of a longitudinal axis 48 of the drive shaft 36 at a
proximal end portion 50. A distal end 52 of the crank 40
receives a lower spherical bearing 54 connected through
a second aperture 56 in the crank. The lower spherical
bearing 54 connects the crank to a connector rod 58. The
lower spherical bearing 54 is selected to allow rotational
movement of the connector rod 58.

[0032] As illustrated with reference to FIG. 1A, and
within the teachings of the present invention, the system
10 may include actuators 16 employing the single mo-
tor/gearbox assembly 30, but having the distal end of its
shaft 36 rotatable supported by a second support 22A.
[0033] The connector rod 58 has an elongated form in
a predetermined length 60 determined to provide a de-
sired motion for the application of interest. The connector
rod 58 is connected to an upper spherical bearing 62
positioned at a distal end 64 of the connector rod 58 op-
posite the crank 40. The upper spherical bearing 62 con-
nects the connector rod 58 to the platform 18 such that
the connector rod 58 can move through a range of ori-
entations with respect to the platform and the crank 40.
Each actuator 16a, 16b, 16¢, 16d, 16e and 16fis of similar
construction. The connector rods 58 A - 58F are connect-
ed to the platform 18 in pairs of adjacent connector rods,
such as 58A , 58B connected at ends of a section 20 as
illustrated with reference again to FIG. 3. This arrange-
ment allows for movement in the six degrees of freedom.
The platform 18 or platform section thereof 20A, 20C,
20E are configured to attach to a desired assembly,
whose movement is to be driven by the system 10.
[0034] The connector rods 58A - 58F and cranks 40
A-F are arranged to allow the cranks to rotate and allow
the connector rods to travel through a desired plane of
motion. As each connectorrod 58 travels through its path,
the platform 18 is moved to a range of orientations as
illustrated by way of example with reference again to FIG.
3 and now FIGS. 3-9 for neutral, heave, pitch, roll, surge,
sway and yaw as well-known and desired movements
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illustrated with reference to FIG. 10. With six connector
rod/crank combinations attached to the top platform, the
platform can range through the six degrees of freedom
motion.

[0035] The motion system 10 can utilize a single axis,
or multi-axis systems including by way of example only,
one, two, three and six axes. The motion system 10 com-
ponents can be varied to provide such different configu-
rations. For example, the number, size and positioning
of components can be varied such as varying the number
of cranks 40, connector rods 58 and platform sections
20. The electric motors 32 and planetary gear boxes 34
can be provided according to the number of axes, or
some multiple of the number of axes. By way of example,
the system 10 can be provided with two motors 32 and
two gearboxes 34 per actuator 16 or even up to four mo-
tors 32 and four gearboxes 34 per actuator 16. As illus-
trated with reference to FIGS. 11 and 12, respectfully.
By way of example and as illustrated with reference to
FIG. 11, the embodiment herein described includes the
actuator 16 including a dual motor/gearbox assembly op-
erable with one crank 40 (herein referred to as 16D). Yet
further, an actuator, according to the teachings of the
presentinvention, may include a four or quad motor/gear-
box assembly as illustrated with reference to FIG. 12 as
actuator 16Q. Such an actuator 16Q is useful with a 3
DOF motion system 100, illustrated with reference to FIG.
13. With continued reference to FIG. 12, the actuator 16Q
includes a beam 102 to which arm members 104 are
pivotally connected at their distal ends 106 to the beam
102 and at their proximal ends 108 to cranks 110 at distal
ends 112 thereof. With reference again to Fig. 13, two
cranks 110 are paired to be connected tothe arm member
104. Yet further, two dual motor/gearbox assemblies 114
are themselves paired to form the quad actuator 16Q.
Thus, four motors and four gearboxes drive the single
quad actuator 16Q.

[0036] With reference again to FIG. 1, in a 6-axis con-
figuration, the motor/gearbox/drive shaft and crank arm
are placed at 90° angles. The crank arms and connecting
rods use spherical bearings and do not necessarily work
in the same plane of motion. This provides six degrees
of freedom by rotation in three directions and combina-
tions and translation in three directions. One connecting
rod 58 is provided per actuator 16 with two spherical bear-
ings 54, 62 per rod 16, one bearing at each end of the
connecting rod as above disclosed.

[0037] By way of contrast, in a two axis system, the
motor/gearbox/drive shaft and crank arm are positioned
along a common line such that the crank arm and con-
necting rod operate in a same plane. By way of example,
this provides 2 degrees of freedom, a single rotation and
single translation degree. With appropriate constraints in
controls and/or structure, such a configuration can also
be used for a one degree of freedom system.

[0038] In the embodiment of the Six Degree of Free-
dom System 10, as illustrated with reference again to
FIGS. 1 and 11, each actuator 16, 16D is put in position
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toenactthe desired movement such as neutral, roll, pitch,
yaw, surge, sway, heave or a combination thereof, as
above described with reference to FIG. 10. The system
comprises 6 actuators equally spaced at 60° apart on the
base or system base 12. The actuators 16 are connected
to the platform 18 in a similar arrangement to the typical
Stewart system configurations. As a result, there are six
attachments at the top which eases the construction of
the system. The actuators 16 move in perfect synchro-
nization to create motion in 6 axes as earlier described.
With Pitch (rotation about a transverse axis parallel to
the top plate normally notated as the y axis in local co-
ordinates); Roll (rotation about a longitudinal axis parallel
to the top plate normally notated as the x-axis in local
coordinates; Yaw (rotation about a vertical axis which
intersects the x and y axes at their intersection and nor-
mally notated as the z-axis in local coordinates); Surge
(translation along the x-axis); Sway (translation along the
y-axis); Heave (translation along the z-axis); and combi-
nations of all the above motions.

[0039] The movements of this exemplary 6-axis sys-
tem 10 in actuator positions and at their excursion limits
are further described in the exemplary Table of FIG. 14.
The rotational positions of the actuators 16 are denoted
with rotation above a horizontal plane 17, illustrated in
FIG. 3byway of example. Sample movements are shown
with each actuator 16a, 16b, 16¢c, 6d, 16e and 16f. As
above described, the system 10 is shown at neutral po-
sition 66 in FIG. 3. The cranks 40 in the neutral position
are all aligned generally parallel horizontal plane to the
system base 12. The connector rods 58 are angularly
disposed from the crank 40 up to the connection at the
platform 18.

[0040] The system 10 is shown at a heave movement
position 68, in a heave downward system toward base
12in FIG. 4. As illustrated with reference to FIGS. 3 and
4, the cranks 40 are all in a 45 degree angle below the
horizontal plane 17 of the base or system base 12, by
way of non-limiting example. The cranks 40 are posi-
tioned in alternating angled position with respect to the
neighboring actuator 16. The connector rods 58 are dis-
posed from the crank 40 up to the connection at the plat-
form 18. The example herein presented in illustrating a
45 degree angle by way of example. The connector rods
can move through +90 degrees when the connector rods
are not at 90 degrees to the crank. Typically, the useful
extent of the crank motion is in a region of =60 degrees
because as the cranks approach +90 degrees, the rate
of heave motion reduces significantly.

[0041] The system 10 is shown in a heave movement
position 68, a heave upward position from the system
base 12 in FIG. 4A. As shown in FIG. 4A, the cranks 40
are all in a 45 degree angle above the horizontal plane
17 of the system base 12, wherein the horizontal plane
is herein designated a neutral position for the cranks, by
way of non-limiting example. The cranks 40 are posi-
tioned in alternating angled position with respect to the
neighboring actuator 16. The connector rods 58 are dis-
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posed from the crank 40 up to the connection at the plat-
form 18.

[0042] The system 10 is shown in a pitch movement
position 70in FIG. 5. Wherein the cranks 40 have varying
positions and angles above and below the horizontal
plane of the actuators 16 and parallel to a plane of the
system base 12, typically a horizontal plane, asillustrated
and further described in Table of FIG. 14.

[0043] Thesystemisshowninarollmovementposition
72 in FIG. 6. Wherein, the cranks 40 are in varying posi-
tions and angles above and below the horizontal plane
of the actuators 16 and parallel to the system base 12
as shown in the table of FIG. 14.

[0044] The system is shown in a surge movement po-
sition 74 in FIG. 7. Wherein the cranks 40 are in varying
positions and angles above and below the horizontal
plane of the actuators 16 and parallel to the system base
12 as shown in the table of FIG. 14.

[0045] By way of further example, the system 10 is
shown in a sway movement position 76 in FIG. 8. Where-
as, the cranks 40 are in varying positions and angles
above, below and even with the horizontal plane of the
actuators 16 and parallel to the system base 12 as shown
in the table of FIG. 14.

[0046] Yetfurther, the systemis showninayaw move-
ment position 78 in FIG. 9, whereas the cranks 40 are in
varying positions and angles above, below and even with
the horizontal plane of the actuators 16 and parallel to
the system base 12 as shown in the table in FIG. 14. The
connector rods 58 are angularly disposed from the cranks
40 up to the connection at the platform 18.

[0047] The positions ofthe actuators 16, illustrated with
reference to FIGS. 12A and 12B, are for maximum ex-
cursions herein presented, by way of non-limiting exam-
ple. The actuators 16 can be put into a plurality of inter-
mediate positions as programed through the control sys-
tem. By way of example, the Table in FIG. 14 shows
excursion distances for different types of movements
such as pitch up and pitch down, roll left side up and roll
left side down, yaw right and yaw left, surge forward and
surge backward and sway left and right. The range of
motion is particularly suited to applications such as used
in flight and other training simulators, as well as amuse-
ment simulators.

[0048] In another embodiment of a motion system ac-
cording to the teaching of the present invention, the 3
DOF system 100 as depicted in FIG. 13 is again refer-
enced. As described for the system 10, earlier described
with reference to FIG. 1, the motion system 100 compris-
es a foundation in the form of a system base 116. The
motion system 100 also includes a plurality of actuators
the actuators 16Q, earlier described with reference to
Fig. 12. Each actuator 16Q is mounted on the system
base 116 and spaced apart in a generally triangular ar-
rangement. As above described, the system 100 includes
the actuators 16Q having the motors/gearbox and crank
assemblies connected to the load beam 102 with a U-
fork styled connection 118. Each actuator 16Q is con-
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nected to the platform 18 via a swivel connector 120 con-
nected to the U-fork connection 118. The three beams
102, herein described by way of example, accept the
platform 18 via the U-fork connection 118. The top plat-
form comprises three elongated sections forming a tri-
angular platform 18. The platform 18 is configured to be
connected to a system base for a particular motion sim-
ulation application, in this embodiment a motion system
for an amusement embodiment, by way of example. In
this 3-axis embodiment for the system 100, the platform
may be that used in an amusement ride, as will be illus-
trated by way of example later in this disclosure.

[0049] Each of the actuators 16Q used in the three
DOF system of FIG. 13 is comprised of components de-
scribed for the actuator of FIG. 12, and as described ear-
lier with reference to the actuator of FIG. 2. By way of
example, each actuator includes a a single pair of actu-
ator supports. Each actuator support includes the base
orfoot 24 and vertical stand 26. Each foot 24 is connected
to the system base 12 as the base and a vertical stand
rises from each foot, as herein described by way of ex-
ample. Optionally, the actuator stands 26 may be affixed
directly to the system base 12 as a base without departing
from the teachings of the present invention. Each stand
26 has an aperture in an upper portion configured to re-
ceive a motor/gearbox assembly which is comprised of
an electric servo motor connected with a planetary gear-
box which is engaged with a proximal end of the drive
shaft which is driven by the motor. The motor, gearbox
and shaft can be provided as a single unit herein referred
to as "motor/gearbox assembly" or can be provided as
separate components. As illustrated with continued ref-
erence to FIG. 12, the actuator 16Q includes two dual
motor/gearbox assemblies with each of the four mo-
tor/gearboxes carried by a stand and each motor/gear-
box operable with a crank 110 that is rotatable attached
to first and second arm members 104.

[0050] The motor is an electrical servo motor that is
controlled by the control system as described below, by
way of example.

[0051] With reference again to FIG. 12, the actuator
16Q includes dual motor/gearbox assembly 114 pivotally
connected to the crank 110 having an aperture 122 sur-
rounding a distal end of a drive shaft 124 (visible in view
of FIG. 13 and as shaft 36 in FIG. 2). The cranks 110 are
rigid, elongated members having a face thatis connected
perpendicularly to the plane of the longitudinal axis of the
drive shaftin a first end portion, as above described with
reference to FIG. 2. The distal end of the crank receives
the arm member 104 using a bearing 126 connected
through a second aperture in the cranks. The lower bear-
ing connects the cranks to arm members and selected
to allow rotational movement within a plane. The two
cranks drive each arm member of the two arm members
used for the actuator 16Q herein described by way of
example. The use of four motors allows for additional
power and thus supports heavier than typical payload
structures.
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[0052] As was described for the connector rod 58 of
FIG. 1, the arm members 104 have an elongated form in
a predetermined length determined to provide desired
motion for the application. The dual motor/gearbox as-
semblies 114 of the actuator 16Q can move independ-
ently to move the load beam 102 into various positions.
The arm members and cranks are arranged to allow the
crank to rotate 360 degrees and the arm member to travel
through a full circle for certain desired applications. As
the arm member travels through its path, the platform is
moved to a range of orientations as desired for a 3 DOF
system, as above described with reference to FIG. 1 for
a 6 DOF system. With three connections 120 attached
to the three load beams 102, the platform 18 is effectively
moved through motion having three degrees of freedom
motion.

[0053] By way of example, the actuator 16Q illustrated
with reference again to FIG. 12 may be considered as
shown in a neutral position 128, with the actuator 16Q
shown in a fully extended up position 130 in FIG. 12A
and full down or lowest position 132 in FIG. 12B. As will
be understood by those skilled in the art now having the
benefit of the teachings of the present invention, various
rotations of the cranks will provide various orientations
within the 3 DOF system 100, as desired.

[0054] By way of further example while keeping within
the teachings of the present invention, in addition to ac-
tuators being configured as the actuator 16 of FIG. 2 hav-
ing a single motor/gearbox assembly 30, the actuator
16D of FIG. 11 having a dual motor/gearbox assembly
114, and the actuator 16Q of FIG. 12 having a quad gear-
box assembly 16Q, an actuator having a six motor/gear-
box assembly 16S, as illustrated with reference now to
FIGS 15and 16 is desirable for relatively heavy payloads,
and includes components as generally described with
reference to FIG. 12, wherein the beam 102 is configured
as a triangular beam and three dual motor/gearbox as-
semblies 114 are operably and pivotally connected to the
triangular beam 102 in FIGS. 15 and 16, by way of ex-
ample. Actuator supports 134 are anchored to the system
base 116 for providing increased stability to the actuator
16S. By way of example, three such actuators 16S (illus-
trated in FIGS. 15 and 16) may be connected to the plat-
form 18, as earlier described with reference to FIG. 13,
thus substituting the actuators 16Q with the actuator 16S
at the three connect locations 118. As herein illustrated
with reference again to FIGS. 11 for a 6 DOF system and
FIGS. 15 and 16 for a 3 DOF system, dual motor/gearbox
assemblies may be employed according to the teachings
of the present invention.

[0055] The motion systems 10, 100 herein described
include control systems 200, 300, respectively, for con-
trolling the 3 DOF and 6 DOF movements herein pre-
sented by way of example with reference to FIGS. 18A,
18B and 19A, 19B, respectively. Generally, the 3 DOF
control system controller 200 and the 6 DOF controller
300 send signals to the servomotors 32 within the actu-
ators 16 to drive the platform 18 operably connected to
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the actuators 16 moving through desired positions, as
above described. By way of non-limiting example, the
controller 200 illustrated with reference to FIGS. 18A and
18B is useful with an amusementride where the audience
may be considered passive and has no input to the mo-
tion profile. In contrast, for a simulation system having
an active audience, such as a pilot in a flight simulator
using a joystick or steering mechanism, the controller
300 of FIGS. 19A and 19B is appropriate.

[0056] The controllers 200, 300 send signals to vary
the speed and movement of the servo motors 32 and to
move the actuator 16 into a desired position by moving
the crank 40 through a path of rotation and the connector
rod 58, orarm members 104, by way of example, through
a path across multiple axes of rotation. By way of further
example, a signal representing a desired degree of pitch
may be sent to motion algorithms in control software op-
erablein aprocessor 202 which then converts the desired
pitch for actuator positions, as illustrated with reference
again to FIGS. 3-9.

[0057] With reference again to FIGS. 18A, 18B, and
19A, 19B, the controllers 200, 300 are modular and are
herein described as including a motion profile processor
204 and an effects processor 206.

[0058] By way of example, reference is now directed
to FIGS. 18A, 18B, wherein the profile processing in-
cludes a Master Synchronize Control Cam Module 208.
This module 208 generates a master timing reference so
that all other modules operable within the controller 200
can synchronize their movement or actions to a master
synchronizing signal provided by the module 208. A Syn-
chronize Motion Cam Module 210 is responsible for syn-
chronizing the motion cam to the master cam and also
has the ability to delay the start of the motion cam by a
user programmable amount of video frames (based on
a frame rate or time base) so that the motion can be
perfectly/desirably synchronized with external media de-
vices, by way of example. Likewise, and as will be de-
scribed later, a Synchronize Effects Cam 211 is used for
synchronizing an effects cam to the master cam and also
has the ability to delay the start of the effects cam by a
user so that the desired effect can be perfectly/desirably
synchronized.

[0059] With continued reference to FIGS. 18A, 18B, a
Logic Module 212 within the motion profile processor 204
ensures each motion axis is functioning as desired, and
that the actual position of the axis is following a com-
manded virtual position. Either appropriate corrective ac-
tion is taken or the system 10 is shut down depending
on the amount of error. This check forms a primary basis
for ensuring each axis stays synchronized within accept-
able desirable tolerances.

[0060] Weight measurements are made using torque,
where in a Weight measurement Module 214 calculates
aweight of the system 100 after passengers have board-
ed, as earlier illustrated with reference to FIG. 17A. The
weight is calculated when the system base 116 is in its
neutral position 128, as illustrated with reference again
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to FIG. 13, by measuring the torque required at each
motor within the respective gearbox assembly 114 to hold
the system 100 static against gravity at a neutral position
which may be selected atzero degree inclination depend-
ing upon the system configuration. A triangulation meth-
od is then used to determine the center of gravity (CG)
and moments of inertia. By way of example, the informa-
tion derived by the Weight Measurement Module 214 is
then used to adjust a pre-programmed ride profile using
a Profile Adjust Module 214 to ensure a consistent ride
experience independent of weight and weight distribution
within the limits of the system performance (a maximum
acceleration profile, by way of example).

[0061] With continued reference to FIGS. 18A, 18B,
data from a motion profile generator 216 are provided to
the controller 200 and used by the Time Cam Modules
218 operable with each actuator in the system.

[0062] The motion profile generator 216 creates ride-
film motion profiles, synchronized with a given film. The
profile generator 216 includes a software package that
allows a film to be displayed with typical controls such
as Play, FFWD, RWD and the like. The software allows
for a connection of a Joystick which enables a user to
record a profile (Pitch, Roll, Heave, and the like) while
watching the film, as may be desired. The profile is re-
corded in synchronization with the film by monitoring
frame changes. The profile can be modified using a set
of software tools in terms of amplitude, by way of exam-
ple. Also, a mouse may be used to modify or touch up
the profile as desired. The software contains suitable In-
verse Kinematic algorithms to convert recorded data into
the required actuator radial positions. The software con-
tains an algorithm which filters points within the profile
based on a rate of change of each point. By way of ex-
ample, in order to obtain a smooth profile where there
was no intentional induced jitter, any points that were
recorded and not smooth are removed and smooth
splines are created between subsequent recorded
points. By way of further example, if a high frequency
movement (a fast joystick movement) is required, these
points are recorded. These data are sent to the controller
to be used within the virtual cam system. The effects data
is also created within the profile generator software and
encoded, again for use within the controller.

[0063] By way of supporting example and as is well
known, acamis arotating or sliding piece ina mechanical
linkage typically used to transform rotary motion into lin-
ear motion or vice versa. A virtual cam, as herein de-
scribed forembodiments of the invention, mathematically
provides such transformations. As is also known, inverse
kinematics refers to the use of kinematics equations of
arobot, by way of example, to determine joint parameters
based on a desired position of an end effector. Specifi-
cation of the movement of the robot so thatits end effector
achieves a desired task is generally known as motion
planning. The inverse kinematics transforms a motion
plan into joint actuator trajectories.

[0064] The Time Cam Module 218 is responsible for
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starting and stopping the time Cam functions based on
external conditions, such as other system readiness, sys-
tem safety, error checking, and the like. By way of exam-
ple, the Time Cam Module 218 is responsible for calcu-
lating the real world motion data in the form of continuous
splines based on pre-programmed positional data.
[0065] With continued reference to FIGS. 18A, 18B,
an Electronic Gearing Module 220 links the virtual axis
(i.e. a mathematical model of a real axis) to the real axis
of motion for each actuator through a virtual gearing sys-
tem, whose ratio can be adjusted dynamically, thus al-
lowing fine correction of profiles following errors or de-
sired modifications as required. As illustrated, the Elec-
tronic Gearing Module 220 will be operable with each
actuator and with each of the two gearbox assembilies of
the actuator, herein described by way of example. In ad-
dition, a Scaling/Filtering Module 222 provides an ability
to attenuate or increase actuator movement based on a
percentage value as required. By way of example, this
is how a profile is adjusted on a "Flyboard" based on
mass distribution, earlier described with reference to FIG.
17A.

[0066] With reference now to both FIGS. 18A, 18B and
19A, 19B, the Effects Processor 206 is herein described,
by way of example, as including an Effects Logic Module
224 used to determine when to call an effects library
based on data for pre-programmed effects from a Cam
Module 226, as illustrated with reference to FIG. 19A or
equivalent, by way of example. A Parameter Transform
Module 228 decodes the data which is encrypted within
the Effects Cam Data Module 230, by way of example,
and governs the effect type, amplitude and frequency of
the effect. A Motion Effect Library Module 232 receives
the data that were converted (step 21) and moves a vir-
tual axis in a reciprocal manner, which virtual movement
is superimposed onto the main actuator within the motion
planner as above described.

[0067] With continued reference to FIGS. 18A, 18B
and 19A, 19B, a Motion Planner Module 234 receives
profile and effects data from all axes and combines move-
ments into one synchronized movement. These data are
then sent to the drives, gearbox assemblies 114 of FIG,
13 by way of example, via a SERCOS data bus 236 at a
coarse update period of 1 ms. These data are then further
interpolated within the drive at around 150 micro sec-
onds. Typically in the art of motion simulation, motion
simulation and effects to the motion are delivered in one
profile or analog signal sent to move an actuator accord-
ingly. The teachings of the present invention and embod-
iments for the controllers 200, 300 herein described, sep-
arate motion and effects so that they are not dependent
upon frame rate of a film and once motion and effects
are processed via the virtual cams as herein described,
motion and effects are then combined by the motion plan-
ner 234.

[0068] One of skill in the art, now having the benefit of
the teachings of the presentinvention will appreciate that
the modules herein described with reference to FIGS.
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18A, 18B for the 3 DOF system may be employed for the
6 DOF controller of FIGS, 19A, 19B.

[0069] For the controller 300, a washout filter 240, as
illustrated with reference to FIG. 19A may be employed,
and is particularly useful with pilot training simulators.
The washout filter 240 is used to transform input forces
and rotations of a vehicle into positions and rotations of
the motion platform 18, or body to which it is attached,
so that the same forces can be reproduced using the
limited motion envelope of the motion platform. As above
described, the control systems 200, 300 provide control
of the actuators 16, 16D, 16Q, 16S for recreating accel-
eration, reducing the acceleration to zero while sending
the control system 10 to a neutral position below a level
of perception of a user of the system, by way of example.
The washout filter 240 herein described is an implemen-
tation of a classical washout filter algorithm with improve-
ments including aforward speed based input signal shap-
ing, extra injected position and rotation, extra injected
cabin roll and/or pitch, and rotation center offset from the
motion platform center when in the neutral position, as
above described with reference to FIGS. 3-9.

[0070] With reference now to FIG. 20, a block diagram
for one Washout Filter 240 according to the teachings of
the presentinvention is provided by way of example. The
classical washout algorithm is the most common motion-
drive algorithm used in simulators. Because of such con-
straints as physical limits, and actuator rate limits, filtering
between vehicle accelerations, by way of example, and
the calculated motion cues are essential. Washout filters
generally serve to attenuate the low frequency acceler-
ations that cause the motion base platform 18 to reach
its limitations, while keeping high frequency accelera-
tions unchanged. The high frequency accelerations last
for a small duration of time, and thus will not drive the
motion base platform 18 to its physical limits if a proper
high-passfilter break frequency is chosen. Thefilters also
serve to bring the motion base platform 18 back to its
zero reference point, hence the term "washout" filter.
Low-pass filters are also used to reproduce the low fre-
quency accelerations typically sensed in an aircraft. This
method is called tilt-coordination, and utilizes the gravity
vector by tilting the platform 18, and thus cockpit attached
thereto to a commanded angle such that sustained ac-
celerations are simulated by gravity.

[0071] The Washout Filter Module 240 is used to trans-
form input forces and rotations of the vehicle into posi-
tions and rotations of the motion platform 18 so that the
same forces can be reproduced using the limited motion
envelope of the motion platform. This Washout Filter
Module 240 includes known Classical Washout Filter al-
gorithms with improvements including Forward speed
based input signal shaping; Extra injected position and
rotation; Extra injected cabin roll/pitch; and Rotation cent-
er offset from the motion platform center whenin the neu-
tral position, by way of example.

[0072] The Washout Filter Module 240 may be de-
scribed as comprising two main streams including the
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high frequency accelerations and rotations (Short term
and washed out) and the low frequency accelerations
(Gravity Vector). The high frequency accelerations are
responsible for producing the short platform movements
and rotations within the limited platform motion envelope,
while the low frequency accelerations are produced by
atilt-coordination using the "g" component when the plat-
form is titled.

[0073] Allinputsignals are first conditioned using a var-
iable (smoothed) gain filter and limited using a smoothed
limiter filter. The high frequency accelerations and rota-
tions are first filtered by a high-pass filter and after that
integrated twice to produce the desired platform high fre-
quency position and rotation. The low frequency accel-
erations are also converted to a tilt co-ordination and fil-
tered by a low-pass filter with a limiting output speed,
acceleration and onset value. The externally injected
platform position and rotation signals together with the
cabin roll signals are first conditioned and low-pass fil-
tered and subsequently added to the resulting platform
position and rotation. The washout filter herein described
is based on a right hand coordinate system where the x
direction is forward, y direction is right and the z direction
is down, by way of non-limiting example.

[0074] With continued reference to FIG. 20, specific
groups of functions are presented including gain blocks,
and although there are many of them, it is to be under-
stood that they perform generally the same function but
with different constants and different data streams. The
order and position each is placed within a data stream is
herein described.

[0075] Multiple Gain Filters 242 are employed as illus-
trated with reference to FIG. 20, and as described above,
input signals 244 are passed through this filter to first
take out any noise in the input signal (thus a smoothing)
and then to adjust the amplitude of the input signal so as
to be useful for operation with the controller 300. By way
of example, the input signals 244 include signal repre-
sentative of linear and angular motion and can either be
boosted or attenuated as required. The amount of gain
is dynamic depending on the signal level. By way of ex-
ample, 3 bands may be used and different gains set for
each band.

[0076] With continued reference to FIG. 20, Soft Lim-
iter Filters 246 provide a limit for the signal being proc-
essed before further processing is completed. By way of
example, a severely high signal level may be generated
from the synthetic flight environment and if not limited,
severe motion or damage may occur. By using the Soft
Limiter Filter 246, a guard against such a possibility is
provided. Internally, this filter 246, a limiter, limits looks
atthe signal amplitude and ifhigher than a presetamount,
returns the preset amount, otherwise the input signal is
returned. High frequency signal treatmentis provided by
High Pass Filters 248, wherein a Step Limiting High Pass
Filter 250 allows the higher frequency parts of the signal
onto the next processing section. However, the output is
limited to a pre-programmed constant. A Second High



19 EP 3 074 103 B1 20

Pass Filter 252 allows the higher frequency parts of the
signal after Euler translation 254 has taken place, where-
in the output is not limited.

[0077] With continued reference to FIG. 20, low fre-
quency signal treatment is provided by Low Pass Filters
256, to allow the lower frequency parts of the signal not
to be sustained. The Low Pass Filter 256 allows the low
frequency signal to pass. However, the signal can also
be limited, in terms of speed, acceleration and onset. The
purpose is to simulate a gravity vector hence this signal
is sustained at a predefined decay rate.

[0078] A Gravity Gain Filter 258 calculates the actual
platform inclination before filtering takes place. By way
of example, the input signals 244 are integrated twice to
convert axial accelerations to position.

[0079] A Rumble Module 260 generates a synthetic
rumble effect, specifically to create ground vibration and
also turbulence. The generated signal is superimposed
onto the incoming signal at a final summation stage.
RCEuler and RCControl Modules 262, 264 are employed
to calculate required platform movement offsets when
the platform position has to be offset when in the neutral
position, due to cabin placement and the like, by way of
example. The Euler modules 254, 262 carry out Euler
transformations which ultimately transforms an inertial
frame of reference (flight control system, by way of ex-
ample) to the frame of reference as required by the mo-
tion base using various rotation matrix operations.
[0080] As above described, the washout filter 240 has
two main streams, including high frequency accelera-
tions and rotations (short term and washed out), and low
frequency accelerations (a gravity vector). The high fre-
quency accelerations are responsible for producing the
short platform movements and rotations within the limited
platform motion envelope, while the low frequency ac-
celerations are produced by a tilt-coordination using a
"g" component when the platform 18 is titled. All input
signals are first conditioned using a variable (smoothed)
gain filter and limited using a smoothed limiter filter. The
high frequency accelerations and rotations are first fil-
tered by a high-pass filter and after that integrated twice
to produce the desired platform high frequency position
and rotation. The low frequency accelerations are also
converted to a tilt co-ordination and filtered by a low-pass
filter with a limiting output speed, acceleration and onset
value.

[0081] The externally injected platform position and ro-
tation signals together with the platform or cabin roll sig-
nals are first conditioned and low-pass filtered and sub-
sequently added to the resulting platform position and
rotation.

[0082] The Eulerfilters provide an Eulertransformation
(3D rotation algorithm) and is capable of rotating more
than one vector. The inputand output parameters specify
arrays of vectors. The rotation angles are also specified.
The high pass filters offer an analogue 2nd order high-
pass filter functionality. The output of the filter is double
integrated to determine position from acceleration and
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can be reset via a Boolean approach. The low pass filter
offers an analog 2nd order low-pass filter with limiting
output functionality. The output signal velocity and accel-
eration can also be limited. Input signal values may be
limited to be used depending on the location within the
simulated airspace: "on the ground" or "in the flight". The
RC Control filter provides a rotation center control algo-
rithm to slowly move the platform 18 towards the neutral
position 66, as earlier described with reference to FIGS.
3-9, when rotation takes place around another location
other than the neutral position. An input and output 3D
location and the location of the rotation center is used.
[0083] With continued reference to FIG. 20, the Rum-
ble filter provides a velocity dependent noise signal that
can be used to generate a track rumble effect. Output is
not reset to zero when the velocity is zero. A first order
high pass filter must be used in case the output must
return to zero. The frequency of this first order high pass
filter can be set as desired. The soft limiter filter offers a
limiting function for an input signal, the limiting of this filter
is smooth between lower and upper values which can be
set independently. The high pass filters provide a 2nd
order high-pass filter functionality with a limited step size
function. The gain filters offer a variable gain functionality.
It offers three different gains, by way of example. If the
input value is < X1, Gain1 is applied. If the input value is
between X1 and X2, a linear interpolated gain (between
Gain1and Gain2)is applied. If the input value is between
X2 and X3, Gain2is applied. If the input value is between
X3 and X4, a linear interpolated gain (between Gain2
and Gain3) is applied. If the input value is > X4, Gain3 is
applied.

[0084] The motion simulation systems, herein de-
scribed by way of example, have improvements in a
number of areas and provide desired solutions to needs
identified in the art of motions simulation, including the
need for a motion simulation system with improved con-
trol and synchronization between the physical motion and
response time to provide a smooth motion and experi-
ence. In addition, and as above described, desired pay-
load requirements are met and exceeded by embodi-
ments according to the teachings of the present inven-
tion, and are provided with a smoothness of performance
for a realistic motion experience. By way of example, a
payload exceeding 20 tonnes for a 3 DOF system, as
herein presented by way of example, significantly ex-
ceeds payload capability for hydraulic and electric ball
screw systems.

[0085] By way of example, the components above de-
scribed, such as the actuators, work through all levels of
axis systems including 1- axis, 2- axis, 3- axis and 6- axis
systems. The platform of the motion systems provides
for variable configurations which can be used for different
simulator applications. For example, in a flight simulator,
the cranks 40 and the connector rods 58 can be adjusted
to configure the system 10 for different aircraft types. The
flexibility of configuration is enabled by changing the
cranks 40 and/or the connector rods 58 by having ad-
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justable cranks and connector rods, or may easily be
replaced with cranks and/or connector rods of different
lengths or geometries. This flexibility is provided by the
ability of the control system to be programed for different
configurations and to control the movement of the actu-
ators and platform. Such a variable system has not been
accomplished to date. Embodiments of the present in-
vention provide improvements over known systems
which are geometrically fixed and cannot be adapted to
suit varying geometric configurations.

[0086] Thecompactness ofthe motionsystems, herein
presented by way of example, enables components of
the system to be desirably packaged on a single base
as illustrated with reference to FIGS. 17A-17G for an
amusement ride employing a 3-axis, as above described
by way of example. The more demanding flight simulation
systems can effectively use the 6-axis systems herein
described with the improved washout filter 240.

[0087] The load carrying capability of the systems
herein described by way of example goes beyond what
is currently possible with known electrical motion sys-
tems, and goes beyond the largest known hydraulic sys-
tem. The performance of the systems herein described
goes beyond what is possible with current leading edge
electrical systems which are of the ball-screw type limited
in fidelity by the mechanical configuration.

[0088] By way of further example, profile generating
software operable with the processor 202 has each De-
gree of Freedom for a motion created as a separate Mo-
tion Channel (or track). Theses may be recorded in real
time via a joystick, or mouse device input. This method
differs from traditional methods of recording the motion
with a joystick and allows editing of the motion through
an adaption of actuator positions. The controller 200, 300
directly adapts the heave, pitch and roll characteristics.
[0089] By way of further example, amusementride film
may be displayed within the profile generator software
application which enables a desirable accuracy and an
accurate development of the ride profile. Real time re-
cording for each channel is implicitly synchronized to
each frame of the movie, so that each point in the motion
profile matches the ride film perfectly (literally frame by
frame). Typically, the approach is to synchronize using
atimeline (SMTP)which can drift. Each Recorded Motion
Channel is displayed as a waveform within a scaled dis-
play, and can be viewed at different resolutions. This en-
ables the ride profile to be modified frame by frame. This
is an improvement over prior methods where the whole
profile has to be re-done if any changes to amotion profile
are required which typically is time consuming and ex-
pensive for known systems.

[0090] A simulation profile can be adjusted through
phase shift, and/or amplitude and frequency modifica-
tions. One of the features of the controller is that a motion
profile can be changed free hand by a developer with
mouse using Drag and Drop techniques. An inverse kin-
ematic algorithm is built in (off-line real time transforma-
tion of heave, pitch and roll converting back to absolute
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radial movements of the motors - includes complex time
domain filtering to represent the real world). Position and
acceleration limits are builtin with real time methodology.
[0091] A joystick sensitivity algorithm is built in, which
can simulate different vehicle/platform properties (e.g.
various aircraft types; helicopter types; land vehicles
types).

[0092] With reference again to FIGS. 18A, 18B and
19A, 19B, special effects algorithms are embedded with-
in the controllers 200, 300, herein described for use with
six and three degree of freedom motion systems, by way
of non-limiting example. A motions effects library 256
may be dedicated to each actuator 16a, 16b, 16c, by way
of example for a 3 DOF system, as illustrated with refer-
enceto FIG. 17A, or may be employed as a single library
communicating with a motion planner 234, as illustrated
with referee to FIG. 18B. This significantly improves con-
trol and enables a nesting, (also known as a combining
or stacking) of effects in real time. Motion effects are su-
perimposed real time onto the motion profile with frame
by frame synchronization. Therefore effects can also be
controlled with frame rate accuracy. Frequency and am-
plitude are fully adjustable at any location in the profile.
Multiple effects can be nested (stacked) without loss of
profile position (i.e. there is no drifting over time) or net
effect in relation to a main motion profile. Easily created
and edited software tools are provided to make it user
friendly and avoid the need to make changes at source
code level which can only be done by a specialist.
[0093] As above described, multiple synchronization
cams or algorithms are embedded within the controller
200, 300 to allow a desirable synchronization of special
motion effects (vibrations) and external events (wind,
scent, water, etc.). Each synchronization track can be
set at any multiple of the frame rate. This system includes
passive and active control. This is an improvement over
the traditional systems that are time code based which
can drift over time. The synchronization tracks can be
nested and started from an external signal, other tracks,
or internal controller generated events, by way of exam-
ple. As a result, absolute synchronization based on the
position of the motors/actuators results. The traditional
approach was to synchronize through a series of time
coded triggers. By way of example in the amusement
industry, the traditional methods resulted in problems of
motion and film synchronization which often needed to
be reset one or more times per day. Otherwise the mis-
match has serious potential to trigger motion sickness.
[0094] By way of example with reference again to the
3 DOF system of FIGS. 18A, 18B, each pair of motors
32 is synchronized in a position mode. Typical systems
were configured with one motor controlled by position
and the second motor controlled through torque matching
(or current following). As a result of the teachings of the
present invention, embodiments of the present invention
provide an absolute positioning of the synchronized mo-
tors. By way of contrast, typical torque matching tech-
niques (or current following methods) do not take into
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account variations in production within and between the
motor/gearbox assemblies. The motors can be controlled
to synchronize their position on an absolute position of
rotation. For example, if motor pairs are used, the two
motors can be controlled to adjust one motor to match
the position of the other motor. With reference again to
the embodiment of FIG. 11, by way of example, each
actuator 16D has the motors 32 in a motor pair running
in opposite directions. This applies to any multi axis sys-
tem using dual motor/gearbox assemblies or combina-
tions of dual motor/gearbox assemblies. Synchronization
is achieved via multiple virtual axes and electronic gear-
ing, with an internal correction loop within a drive loop
closure 264. This enables the nesting of effects described
above.

[0095] The ability to synchronize the motor pairs within
the actuator 16D allows for the systems 10, 100 to handle
higher payloads. The system 10 can handle payloads of
at least 20 tonnes for 6- axis systems employing a single
motor per actuator, and at least one and one half times
this payload when employing motor pairs, by way of ex-
ample.

[0096] It should be noted that while each actuator can
run with one pair or two pairs of motor/gearbox assem-
blies, systems can also operate with a single motor/gear-
box assembly. The number and configuration of the mo-
tor/gearbox assemblies is primarily determined by the
load, moments of inertia and acceleration requirements.
[0097] By way of example for the controllers 200, 300
herein described by way of example with reference to
FIGS. 18A, 18B and 19A, 19B, a motion profile is run as
"Interpolated Cam Segments" with constant position
monitoring. This approach, with milliseconds updating,
increases positional accuracy and maximizes ride
smoothness. Master cam timing can be adjusted as re-
quired. The controllers include filtering to enable the ride
profile to be managed and/or modified dynamically (on-
the-fly). A cam profile from a cam profile generator 262
is linked only to virtual (multiple) axes, as illustrated with
reference to FIGS. 18A, 18B and 19A, 19B. Further, in-
terpolation in the integral drive loop closure 266 is
achieved within a microsecond range while providing a
smoothness of motion especially when including wash-
out motion which has not been achieved in the art. A
capability of multiple correction cams to adjust master
profile as required facilitates real time adjustments.
[0098] The embodiments of the systems herein de-
scribed operate with reduced power consumption as it
can operate as a regenerative power system. This is en-
abled by the use of servos connected to a common DC
Buswhichis fed via the DC Regenerative Power Supplies
and reactors. The regenerative power works by using
decelerating drives feeding power to accelerating drives,
hence reducing overall power intake. The system regen-
erates power throughout the whole ride cycle whenever
a drive is in a decelerating mode, regardless of whether
it is going up or down. This new teaching minimizes the
overall power consumption. During motion where netde-
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celeration is greater than net accelerations plus losses,
energy may be shared with other actuators cooperating
therewith, or stored locally in a capacitor arrangement or
returned to the grid (utility supply) at the correct phase,
voltage and frequency. This approach has eliminated the
need for breaking resistors and all excess energy can be
returned to the grid (utility supply). This results in the
minimal use of power. Power consumption has been
found to be less than one half the power consumption of
a traditional ball-screw system with a counterbalance
which may be pneumatic, less than 1/3 of the power con-
sumption of the ball-screw system without a counter bal-
ance system, and less than 15% of the power of an equiv-
alent hydraulic system, thus about an 85% power savings
when compared to an equivalent hydraulic system.
[0099] By way of supporting example, embodiments
of the invention including a 6-axis motion system have
been designed, engineered, built and tested, including a
proof of concept development with a 200 kg (454 Ib.)
payload and a pre-production system of 2 tonne (4,410
Ib.) payload system. The 6-axis motion system stems
from a 3-axis motion system which was developed in
2010/2011 for payloads up to 9 tonnes (19,850 Ib.). Fur-
ther, a 26,460 Ib. (12 tonne) 3-axis system has been de-
signed and engineered for the amusement industry and
a 33,075 Ib. (15 tonne) 6-axis system has been designed
and engineered to meet stringent flight simulation re-
quirements. The simulation system includes a cam
mechanism.

[0100] Improvements and benefits over existing tradi-
tional hexapod electric ball-screw motion systems in-
clude the configuration of the cam mechanism, especially
when coupled with high end servo-motors, drives and
planetary gearboxes, results in zero mechanical back-
lash as planet gears remain in contact with the output
shaft teeth throughout the full range of motion. By way
of example, the system can be readily configured to a
different configuration within a few hours by replacing
cranks and connector rods with those of differing lengths
to suit various aircraft platforms (within physical con-
straints). This will also allow the same motors and gear-
boxes to provide a greater range of excursions when cou-
pled to a smaller cabin of a flight simulator. The classic
Hexapod system has no such configuration flexibility and
a separate motion system is required for each platform
type. The configuration is not constrained to current load
carrying and acceleration performance of the existing
Hexapod systems.

[0101] A 24tonne payload 3-axis motion system is cur-
rently being developed according to the teachings of the
present invention for the leisure industry. A 9 tonne pay-
load 3-axis motion system and a 2 tonne 6-axis motion
system are currently being tested.

[0102] Additional benefits and features include im-
proved Inverse Kinematic Algorithm within real time "Mo-
tion Control Software" hosted in a Windows 7 Environ-
mentwith a Washout Algorithm where appropriate to con-
vert from positions in each of the six degrees of freedom



25 EP 3 074 103 B1 26

into absolute radial servo motor positions. Position and
acceleration limits are integrated into the motion control
software. Multiple effects can be nested (stacked) to en-
sure no loss of position over time when effects are su-
perimposed.

[0103] A user friendly suite of software tools enables
program parameters to be changed without the need for
a specialist programmer to make changes at source code
level. A desirable motor synchronization is provided
when double motors or quad motors are required to meet
payload load and performance specifications. Synchro-
nization is achieved through the use of virtual axes, elec-
tronic gearing and real time internal correction loops run-
ning at 1 millisecond intervals, by way of example.
[0104] Full regenerative energy capability can be in-
cluded so that any decelerating actuator works in a fully
regenerative mode. This provides typical powers which
are in the region of one-third of a non-counterbalanced
ball-screw system and one-half of a pneumatically coun-
terbalanced ball-screw system. The reduction in thermal
loading significantly extends the life of all electrical and
electronic components minimizing maintenance costs
and maximizing availability. The system also has the op-
tional ability to return excess power to the utility grid when
internal regeneration exceeds system needs. This is not
possible with hydraulic and ball-screw type drive sys-
tems.

[0105] The system uses an industrialized sophisticat-
ed motion controller and high quality servo drives to gen-
erate and control complex motion profiles. The motion
controller receives data from the Motion PC via User Da-
tagram Protocol (UDP). After processing, the data is sent
to the servo drives using a 1 msec Loop Closure (Data
Send and Receive rate) while the internal drive loop clo-
sure is within the microsecond range. High Data update
rates coupled with advanced "Real Time, Dynamically
Responsive" motion control algorithms allows the crea-
tion of desirably smooth and accurate simulator motion
beyond that provided by known motion simulator sys-
tems.

[0106] Motion effect algorithms allow complex vibra-
tions to be superimposed onto the motion (directly im-
parted through the drive system) up to the saturation level
of the whole system. Vibrational frequencies exceeding
100 Hz are achieved. Resonant frequencies can easily
be identified and avoided. In contrast, electric ball-screw
and hydraulic systems have limited vibrational capabili-
ties in the region of 30-35 Hz. In addition, a secondary
vibration system has to be installed where higher fre-
quencies are required.

[0107] One desirable characteristic of the motion sys-
tems herein presented includes mass and center of mass
determinations during operation of the system. By way
of example, when the system moves to the neutral posi-
tion in the amusement industry applications, the system
is able to measure the motor torques and currents of
each motor. Through triangulation the mass and the cent-
er of mass of the system can be determined. This infor-

10

15

20

25

30

35

40

45

50

55

14

mation may then be used so that, regardless of a variable
guest mass and a distribution of the variable guest mass,
a ride acceleration profile can be adjusted instantane-
ously so that the guests always experience and feel the
same motion, and hence the same ride experience re-
gardless of the guest mass and guest mass distribution.
This mechanism may also be used in any type of simu-
lator to ensure that the guest experience is identical re-
gardless of the mass of the guest in each vehicle.
[0108] Further, it will be understood by those of skill in
the art that flowcharts and block diagrams herein de-
scribed may illustrate architecture, functionality, and op-
eration of possible implementations of systems, methods
and computer program products according to various
embodiments. Therefore, it will be understood that each
block in the flowchart or block diagram may represent a
module, segment, or portion of code, which comprises
one or more executable computer program instructions
for implementing the specified logical function or func-
tions. Further, some implementations may include the
functionsin the blocks occurring out of the order as herein
presented. By way of non-limiting example, two blocks
shown in succession may be executed substantially con-
currently, or the blocks may at times be executed in the
reverse order, depending upon the functionality involved.
It will also be noted that each block of the block diagrams
and flowcharts, and combinations of blocks in the block
diagram and flowchart illustrations, may be implemented
by special purpose hardware-based systems that per-
form the specified functions or acts, or combinations of
special purpose hardware and computer program in-
structions.

[0109] These computer program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data
processing apparatus to produce a machine, such that
the instructions, which execute via the processor of the
computer or other programmable data processing appa-
ratus, create means for implementing the functions or
acts specified in the flowchart and/or block diagram.
These computer program instructions may also be stored
in a computer readable medium that may direct a com-
puter, other programmable data processing apparatus,
or other devices to function in a particular manner, such
that the instructions stored in the computer readable me-
dium produce an article of manufacture including instruc-
tions which implement the function or act specified in the
flowchart and/or block diagram block or blocks. The com-
puter program instructions may also be loaded onto a
computer, other programmable data processing appara-
tus, or other devices to cause a series of operational
steps to be performed on the computer, other program-
mable apparatus or other devices to produce a computer
implemented process such that the instructions which
execute on the computer or other programmable appa-
ratus provide processes for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.
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[0110] Aspects of various embodiments as herein pre-
sented, by way of example, may be embodied as a sys-
tem, method or computer program product, and accord-
ingly may take the form of a hardware embodiment, a
software embodiment (including firmware, resident soft-
ware, micro-code, and the like) or a combination thereof
that may generally be referred to as a circuit, module or
system. Furthermore, aspects of various embodiments
may take the form of a computer program product em-
bodied in one or more computer readable media having
computer readable program code embodied thereon.
[0111] It is understood that a computer implemented
method as may herein be described operates with read-
able media relating to non-transitory media, wherein the
non-transitory computer-readable media comprise all
computer-readable media, with the sole exception being
a transitory, propagating signal.

[0112] Anycombination of one or more computer read-
able media may be utilized. A computer readable medium
may be a computer readable signal medium or a com-
puter readable storage medium. A computer readable
storage medium may be, by way of non-limiting example,
an electronic, magnetic, optical, electromagnetic, infra-
red, or semiconductor system, apparatus, or device, or
any suitable combination of the foregoing. More specific
non-limiting examples of the computer readable storage
medium may include an electrical connection having one
or more wires, a portable computer diskette, a hard disk,
a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suit-
able combination of the foregoing. In the context of this
document, a computer readable storage medium may be
any tangible medium that may contain, or store a program
for use by or in connection with an instruction execution
system, apparatus, or device.

[0113] A computer readable signal medium may in-
clude a propagated data signal with computer readable
program code embodied therein, by way of non-limiting
example, in baseband or as part of a carrier wave. Such
a propagated signal may take any of a variety of forms,
including, but not limited to, electro-magnetic, optical, or
any suitable combination thereof. A computer readable
signal medium may be any computer readable medium
that is not a computer readable storage medium and that
may communicate, propagate, or transport a program for
use by or in connection with an instruction execution sys-
tem, apparatus, or device.

[0114] Program code embodied on a computer read-
able medium may be transmitted using any appropriate
medium, including but not limited to wireless, wireline,
optical fiber cable, RF, and the like, or any suitable com-
bination thereof. Computer program code for carrying out
operations for aspects of various embodiments may be
written in any combination of one or more programming
languages, including an object oriented programming
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language such as Java, Smalltalk, C++ or the like and
conventional procedural programming languages, such
as the C programming language or similar programming
languages. The program code may also be written in a
specialized language. The program code may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer, or en-
tirely on the remote computer or server. The remote com-
puter may be connected to the user’s computer through
any type of network, including alocal area network (LAN)
or a wide area network (WAN), or the connection may
be made to an external computer, by way of non-limiting
example, through the Internet using an Internet Service
Provider.

[0115] Although the invention has been described rel-
ative to various selected embodiments herein presented
by way of example, there are numerous variations and
modifications that will be readily apparent to those skilled
in the art in light of the above teachings. It is therefore to
be understood that, within the scope of the claims hereto
attached and supported by this specification, the inven-
tion may be practiced other than as specifically de-
scribed.

Claims

1. A control system for operation with a motion simu-
lation system, the control system comprising:

a profile generator providing motion and effects
profiles for simulation thereof;

a motion controller operable with the profile gen-
erator for providing a virtual motion representa-
tive of a real motion for simulation thereof;

an electronic gearing module operable with the
motion controller for converting the virtual pro-
files to real profiles for directing movement of
actuators operable for providing movement to a
platform according to a preselected profile pro-
vided by the profile generator;

an effects controller operable with the profile
generator for providing a virtual effect represent-
ative of a real effect for simulation thereof and
independent of the profile provided by the mo-
tion controller; and

a motion planner operable with the motion con-
troller and the effects controller transmitting a
combination of motion and effects to the actua-
tors,

the motion controller comprises:

a master synchronization control cam module
providing a master timing reference signal for
synchronizing movement signals of each of a
plurality of actuators in a motion platform with
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signals from a pre-programmed profile genera-
tor;

a motion synchronization control cam module
operable with the master synchronization con-
trol cam module for synchronizing motion data
to the master cam module responsive to prese-
lected camera frames;

a motion logic module operable with the motion
synchronization control cam module for moni-
toring and comparing an actual position of a mo-
tion platform to a virtual position of a motion pro-
file frame of a pre-programmed motion profile;

a motion profile module operable for comparing
the pre-programmed motion profile received
from the pre-programmed profile generator to a
measured motion profile and providing an ad-
justment to the motion platform responsive to
differences therebetween;

a start/stop cam module receiving the pre-pro-
grammed motion profile and transmitting start
and stop signals to each of the plurality of actu-
ators operable for moving the motion platform
and synchronizing movement thereof; and

an electronic gearing module operable with
each of the plurality of actuators of the motion
system for dynamically adjusting a real axis of
movement in the motion platform responsive to
a virtual axis of movement in the pre-pro-
grammed profile, the control system further
comprising a weight measurement module op-
erable for determining a weight distribution on
the motion platform in a motion simulation sys-
tem, wherein a torque is measured for each mo-
tor operable with the motion platform for provid-
ing movement thereto, wherein at least one of
a center of gravity and moment of inertia of the
motion platform is determined, and wherein the
motion profile module provides modifications to
weight measurements and motion profiles
based on the center of gravity,

the control system further comprising a washout
filter module operable with the master synchro-
nization control cam module for providing a fil-
tering of motion signals from the pre-pro-
grammed profile to each of the plurality of actu-
ators in the motion system, wherein high fre-
quency acceleration signals and rotations are
filtered by high pass filtering and twice integrated
for producing a desired motion platform position
and rotation.

The control system according to Claim 1, further
comprising a filtering module operable with each of
the electronic gearing modules for modulating move-
ment signals providing a movement profile signal for
maintaining the platform within a preselected motion
profile.
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3. The control system according to Claim 1, wherein

the effects controller comprises:

a master synchronization control cam module
providing a master timing reference signal for
synchronizing movement signals of each of a
plurality of actuators in a motion platform with
signals from a pre-programmed profile genera-
tor;

an effects synchronization control cam module
operable with the master synchronization con-
trol cam module for synchronizing motion data
to the master cam module responsive to prese-
lected camera frames;

an effects logic module responsive to a pre-pro-
grammed effects profile and operable for deter-
mining when an effects motion library signal is
required for simulating a desired movement of
the motion platform; and

a parameter transform module operable with the
effects logic module for decoding data signals
governing an effects type, amplitude and fre-
quency of an effect.

The control system according to Claim 3, further
comprising a motion effects library module operable
for imposing a virtual movement from the pre-pro-
grammed effects profile to a real movement of a least
one of the plurality of actuators operable therewith
and providing a motion effects signal thereto, where-
in the real movement to each of the plurality of ac-
tuators is responsive to signals from the effects logic
module.

The control system according to Claim 1, wherein
the motion planner comprises a motion planner mod-
ule operable for receiving the movement profile sig-
nal and the motion effects signal and merging both
into a synchronized movement signal for transmis-
sion to the motion system actuators for movement
of the motion platform according to the pre-pro-
grammed motion profile.

The control system according to Claim 1, wherein
the washout filter module comprises:

a gain filter operable for smoothing input signals
representative of virtual motions from the pre-
programmed profile generator for providing a
conditioned signal;

a limiter filter receiving the conditioned signal for
limiting motion signals produced thereby within
preset levels representative of physical limits of
motion for the motion platform;

a high pass filter receiving the conditioned signal
and permitting high frequency portions of the
conditioned signal to pass for further processing
thereof;
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a low pass filter receiving the conditioned signal
and permitting low frequency portions ofthe con-
ditioned signal to pass for further processing
thereof;

an Euler module operable for receiving the con-
ditioned signals and converting the conditioned
signals representative of an inertial frame of ref-
erence to a motion platform frame of reference
for providing surge, pitch and roll signals to the
actuators; and

a downstream frequency filter operable down-
stream for receiving the conditioned signal and
providing roll, pitch and yaw signals to the actu-

ators.
7. The control system according to Claim 6, further
comprising a rumble module operable for providing
a rumble effect to the actuators.
Patentanspriiche
1. Regelungssystem zum Betrieb mit einem Bewe-

gungssimulationssystem, wobei das Regelungssys-
tem aufweist; einen Profilgenerator, der Bewegung
gewahrleistet und Profile zu deren Simulation be-
werkstelligt; einen Bewegungsregler, betreibbar mit
dem Profilgenerator zur Gewahrleistung einer virtu-
ellen Bewegung, die fiir eine reale Bewegung zu de-
ren Simulation reprasentativ ist; ein elektronisches
Getriebemodul, betreibbar mit dem Bewegungsreg-
ler zum Konvertieren der virtuellen Profile in reale
Profile zur Steuerung der Bewegung von Aktuato-
ren, die zur Gewahrleistung der Bewegung einer
Plattform gemanR einem vorausgewahlten, vom Pro-
filgenerator gelieferten Profil betreibbar sind; einen
Wirkungsregler, betreibbar mit dem Profilgenerator
zur Gewahrleistung einer virtuellen Wirkung, welche
fur die reale Wirkung zu deren Simulation reprasen-
tativ und unabhangig von dem vom Bewegungsreg-
ler gelieferten Profil ist; und einen Bewegungspla-
ner, der eine Kombination aus Bewegung und Wir-
kung auf die Aktuatoren Ubertragt und mit dem Be-
wegungsregler und dem Wirkungsregler betreibbar
ist, wobei der Bewegungsregler aufweist: ein Haupt-
synchronisationsregler-Nockenmodul, welches ein
Haupttiming-Referenzsignal zur Synchronisation
der Bewegungssignale von jedem der vielen Aktua-
toren einer Bewegungsplattform mit Signalen von ei-
nem vorprogrammierten Profilgenerator zur Verfi-
gung stellt; ein Bewegungssynchronisationsregler-
Nockenmodul, betreibbar mit dem Hauptsynchroni-
sationsregler-Nockenmodul zur Synchronisation der
Bewegungsdaten mit dem Hauptnockenmodul, der
aufvorausgewahlte Kamerabilder anspricht; ein Be-
wegungslogikmodul, das mit dem Bewegungssyn-
chronisationsregler-Nockenmodul  zur  Uberwa-
chung und zum Vergleich der aktuellen Position ei-
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ner Bewegungsplattform mit der virtuellen Position
eines Bewegungsprofilbildes eines vorprogram-
mierten Bewegungsprofiles betreibbar ist; ein Bewe-
gungsprofilmodul, das zum Vergleichen des von
dem vorprogrammierten Profilgenerator erhaltenen
vorprogrammierten Bewegungsprofils mit einem ge-
messenen Bewegungsprofil und zur Gewahrleis-
tung einer auf zwischen ihnen vorhandene Differen-
zen ansprechenden Anpassung der Bewegungs-
plattform betreibbar ist; ein Start/Stopp-Nockenmo-
dul, welcher das vorprogrammierte Bewegungsprofil
erhalt und Start- sowie Stoppsignale zu jedem der
vielen Aktuatoren sendet, die zur Bewegung der Be-
wegungsplattform und zur Synchronisation von de-
ren Bewegung betreibbar sind; und

ein elektronisches Getriebemodul, welches mit je-
dem der vielen Aktuatoren des Bewegungssystems
zur dynamischen Anpassung der realen Bewe-
gungsachse der Bewegungsplattform in Abhangig-
keit von einer virtuellen Bewegungsachse des vor-
programmierten Profils betreibbar ist, das Rege-
lungssystem weist ferner ein Gewichtsmessmodul
auf, welches zur Bestimmung einer Gewichtsvertei-
lung auf der Bewegungsplattform eines Bewegungs-
simulationssystems betreibbar ist, wobei das Dreh-
moment jedes Motors gemessen wird, der mit der
Bewegungsplattform zu deren Antrieb betreibbar ist,
wobei wenigstens ein Gravitationszentrum und
Tragheitsmoment der Bewegungsplattform be-
stimmt wird und wobei das Bewegungsprofilmodul
basierend auf dem Gravitationszentrum Modifikati-
onen der Gewichtsmessungen und Bewegungspro-
file gewahrleistet, das Regelungssystem weist fer-
ner ein Lschfiltermodul auf, das mit dem Hauptsyn-
chronisationsregler-Nockenmodul zur Gewahrleis-
tung einer Filterung der Bewegungssignale von dem
vorprogrammierten Profil zu jedem der vielen Aktu-
atoren des Bewegungssystems betreibbar ist, wobei
Hochfrequenz-Beschleunigungssignale und Rotati-
onen durch Hochpassfilterung gefiltert und doppelt
integriert werden, um eine gewlinschte Position und
Rotation der Bewegungsplattform zu erhalten.

Regelungssystem gemafR Anspruch 1, welches wei-
ters ein Filtermodul aufweist, das mitjedem der elek-
tronischen Getriebemodule zur Modulation von Be-
wegungssignalen betreibbarist, um ein Bewegungs-
profilsignal zum Erhalt der Plattform in einem vor-
ausgewahlten Bewegungsprofil zu gewahrleisten.

Regelungssystem gemaly Anspruch 1, wobei der
Wirkungsregler aufweist:

ein  Hauptsynchronisationsregler-Nockenmo-
dul, welches ein Haupttiming-Referenzsignal
zur Synchronisation der Bewegungssignale von
jedem der vielen Aktuatoren der Bewegungs-
plattform mit den Signalen von einem vorpro-
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grammierten Profilgenerator zur Verfligung
stellt; ein Wirkungssynchronisationsregler-No-
ckenmodul, das mit dem Hauptsynchronisati-
onsregler-Nockenmodul zur Synchronisation
der Bewegungsdaten mitdem Hauptnockenmo-
dul in Abhangigkeit von vorausgewahlten Ka-
merabildern betreibbar ist; ein Wirkungslogik-
modul, das auf ein vorprogrammiertes Wir-
kungsprofil anspricht und zur Bestimmung be-
treibbar ist, wann ein Wirkungsbewegungs-Bi-
bliothekssignal zur Simulation einer gewtlinsch-
ten Bewegung der Bewegungsplattform erfor-
derlich ist; und

ein Parameter-Transformationsmodul, das mit
dem Wirkungslogikmodul betreibbar ist, um Da-
tensignale zu decodieren, welche den Wir-
kungstyp, die Amplitude und Frequenz einer
Wirkung leiten.

Regelungssystem gemal Anspruch 3, welches fer-
ner ein Bewegungswirkungs-Bibliotheksmodul auf-
weist, das zur Aufbringung einer virtuellen Bewe-
gung aus dem vorprogrammierten Wirkungsprofil
auf die reale Bewegung von wenigstens einem der
vielen Aktuatoren betreibbar ist, die mit ihm zusam-
menwirken und ihm ein Bewegungswirkungssignal
liefern, wobei die reale Bewegung von jedem der
vielen Aktuatoren auf Signale von dem Wirkungslo-
gikmodul anspricht.

Regelungssystem gemafly Anspruch 1, wobei der
Bewegungsplaner ein Bewegungsplanermodul auf-
weist, das zum Erhalt des Bewegungsprofilsignals
und des Bewegungswirkungssignal betreibbar ist
und beide zu einem synchronisierten Bewegungssi-
gnal zur Weiterleitung zu den Bewegungssystem-
Aktuatoren zum Antrieb der Bewegungsplattform
gemal dem vorprogrammierten Bewegungsprofil
vereinigt.

Regelungssystem gemal Anspruch 1, wobei das
Loschfiltermodul aufweist:

einen Gewinnfilter, der zum Glatten von Ein-
gangssignalen betreibbar ist, die fur virtuelle Be-
wegungen von dem vorprogrammierten Profil-
generator zur Gewabhrleistung eines konditio-
nierten Signals reprasentativ sind; einen Be-
grenzungsfilter, der das konditionierte Signal
zur Begrenzung der dabei produzierten Bewe-
gungssignale innerhalb vorbestimmter Niveaus
empfangt, die fir die physikalischen Bewe-
gungsgrenzen der Bewegungsplattform repra-
sentativ sind; einen Hochpassfilter, der das kon-
ditionierte Signal empféngt und erlaubt,

dass hochfrequente Teile des konditionierten
Signals zu deren weiteren Verarbeitung passie-
ren; einen Tiefpassfilter, der das konditionierte
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Signal empfangt und erlaubt, dass niederfre-
quente Teile des konditionierten Signals zu de-
ren weiteren Verarbeitung passieren;

ein Euler-Modul, das zum Empfang der konditi-
onierten Signale betreibbar ist und konditionier-
te Signale, die fiir einen Tragheits-Referenzrah-
men reprasentativ sind, in einen Bewegungs-
plattform-Referenzrahmen  konvertiert, um
StolR-, Stampf- und Rollsignale an die Aktuato-
ren zu liefern; und einen nachgeschalteten Fre-
quenZfilter, der zum Empfang des konditionier-
ten Signals und zur Lieferung von Roll- Stampf-
und Gierungssignalen an die Aktuatoren nach-
geschaltet ist.

Regelungssystem gemaf Anspruch 6, welches fer-
ner ein Rumpelmodul aufweist, das zur Gewahrleis-
tung eines Rumpeleffekts auf die Aktuatoren betreib-
bar ist.

Revendications

Systeme de commande destiné a fonctionner avec
un systéme de simulation de mouvement, le systéme
de commande comprenant :

un générateur de profil fournissant des profils
de mouvement et d’effets pour une simulation
de ceux-ci ;

un dispositif de commande de mouvement pou-
vant fonctionner avec le générateur de profil afin
de fournir un mouvement virtuel représentatif
d’un mouvement réel pour une simulation de ce-
lui-ci ;

un module d’engréenement électronique pouvant
fonctionner avec le dispositif de commande de
mouvement afin de convertir les profils virtuels
en profils réels de sorte a guider un déplacement
d’actionneurs pouvant fonctionner pour confé-
rer un mouvement a une plateforme conformé-
ment a un profil présélectionné fourni par le gé-
nérateur de profil ;

un dispositif de commande d’effets pouvant
fonctionner avec le générateur de profil afin de
fournir un effet virtuel représentatif d’'un effet réel
pour une simulation de celui-ci et indépendant
du profil fourni par le dispositif de commande de
mouvement ; et

un dispositif de planification de mouvement pou-
vantfonctionner avec le dispositif de commande
de mouvement et le dispositif de commande
d’effets transmettant une combinaison de mou-
vement et d’effets aux actionneurs,

le dispositif de commande de mouvement
comprend :

un module de came de commande de syn-
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chronisation maitre fournissantun signal de
référence de temporisation maitre afin de
synchroniser des signaux de déplacement
de chacun d'une pluralité d’actionneurs
dans une plateforme de mouvement avec
des signaux provenant d’'un générateur de
profil préprogrammé ;

un module de came de commande de syn-
chronisation de mouvement pouvant fonc-
tionner avec le module de came de com-
mande de synchronisation maitre afin de
synchroniser des données de mouvement
sur le module de came maitre en réponse
a des cadres d’appareil de prise de vues
présélectionnés ;

un module logique de mouvement pouvant
fonctionner avec le module de came de
commande de synchronisation de mouve-
ment afin de surveiller une position en cours
d'une plateforme de mouvement et de la
comparer a une position virtuelle d’'un cadre
de profil de mouvement d’un profil de mou-
vement préprogramme ;

un module de profil de mouvement pouvant
fonctionner afin de comparer le profil de
mouvement préprogrammeé recu du géné-
rateur de profil préprogrammé a un profil de
mouvement mesuré et afin de fournir un ré-
glage a la plateforme de mouvement en ré-
ponse a des différences entre ceux-ci ;

un module de came de marche/d’arrét re-
cevant le profil de mouvement préprogram-
mé et transmettant des signaux de marche
et d’arrét a chacun de la pluralité d’action-
neurs pouvant fonctionner afin de déplacer
la plateforme de mouvement et afin de syn-
chroniser un déplacement de celle-ci ; et
un module d’engrénement électronique
pouvant fonctionner avec chacun de la plu-
ralité d’actionneurs du systéme de mouve-
ment afin de régler dynamiquement un axe
réel de déplacement dans la plateforme de
mouvement en réponse a un axe virtuel de
déplacement dans le profil préprogrammé,
le systeme de commande comprenant en
outre un module de mesure de masse pou-
vant fonctionner afin de déterminer une ré-
partition de masse sur la plateforme de
mouvement dans un systeme de simulation
de mouvement, ou un couple est mesuré
pour chaque moteur électrique pouvant
fonctionner avec la plateforme de mouve-
ment afin de conférer un mouvement a cel-
le-ci, ou au moins I'un d’un centre de gravité
et d'un moment d’inertie de la plateforme
de mouvement est déterminé, et ou le mo-
dule de profil de mouvementfournitdes mo-
difications a des mesures de masse et a
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des profils de mouvement sur la base du
centre de gravite,

le systeme de commande comprenant en
outre un module de filtre d’effacement pou-
vant fonctionner avec le module de came
de commande de synchronisation maitre
afin de fournirunfiltrage de signaux de mou-
vement provenant du profil préprogrammeé
pour chacun de la pluralité d’actionneurs
dans le systéme de mouvement,

ou des signaux d’accélération haute fré-
quence et des rotations sont filtrés par un
filtrage passe-haut et intégrés en double
afin de produire une position et une rotation
de plateforme de mouvement voulues.

Systeme de commande selon la revendication 1,
comprenant en outre un module de filtrage pouvant
fonctionner avec chacun des modules d’engrene-
ment électroniques afin de moduler des signaux de
déplacement fournissant un signal de profil de dé-
placement de sorte a maintenir la plateforme dans
un profil de mouvement présélectionné.

Systeme de commande selon la revendication 1,
dans lequel le dispositif de commande d’effets
comprend :

un module de came de commande de synchro-
nisation maitre fournissant un signal de référen-
ce de temporisation maitre afin de synchroniser
des signaux de déplacement de chacun d’'une
pluralité d’actionneurs dans une plateforme de
mouvement avec des signaux provenant d'un
générateur de profil préprogrammé ;

un module de came de commande de synchro-
nisation d’effets pouvant fonctionner avecle mo-
dule de came de commande de synchronisation
maitre afin de synchroniser des données de
mouvement sur le module de came maitre en
réponse a des cadres d’appareil de prise de
vues présélectionnés ;

un module logique d’effets répondant a un profil
d’effets préprogrammé et pouvant fonctionner
afin de déterminer lorsqu’un signal de banque
de mouvement et d’effets estrequis pour simuler
un déplacement voulu de la plateforme de
mouvement ; et

un module de transformation de paramétre pou-
vant fonctionner avec le module logique d’effets
afin de décoder des signaux de données gou-
vernant un type d’effets, une amplitude et une
fréquence d’'un effet.

Systeme de commande selon la revendication 3,
comprenant en outre un module de banque d’effets
de mouvement pouvant fonctionner afin d'imposer
un déplacement virtuel a partir du profil d’effets pré-
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programmé en un déplacement réel d’au moins un
de la pluralité d’actionneurs pouvant fonctionner
avec celui-ci et afin de fournir un signal d’effets de
mouvement a celui-ci, ou le déplacement réel sur
chacun de la pluralité d’actionneurs répond a des
signaux provenant du module logique d’effets.

Systeme de commande selon la revendication 1,
dans lequel le dispositif de planification de mouve-
ment comprend un module de planification de mou-
vement pouvant fonctionner afin de recevoir le signal
de profil de déplacement et le signal d’effets de mou-
vement et de les fusionner en un signal de déplace-
ment synchronisé pour une transmission aux action-
neurs de systéeme de mouvement pour un déplace-
mentde la plateforme de mouvement conformément
au profil de mouvement préprogrammeé.

Systeme de commande selon la revendication 1,
dans lequel le module de filire d’effacement
comprend :

un filtre de gain pouvant fonctionner afin de lis-
ser des signaux d’entrée représentatifs de mou-
vements virtuels provenant du générateur de
profil préprogrammé afin de fournir un signal
conditionné ;

un filtre limiteur recevant le signal conditionné
destiné a limiter des signaux de mouvement ain-
si produits a des niveaux préétablis représenta-
tifs de limites physiques de mouvement pour la
plateforme de mouvement ;

un filtre passe-haut recevant le signal condition-
né et laissant passer des parties haute fréquen-
ce du signal conditionné pour un traitement ul-
térieur de celles-ci ;

un filtre passe-bas recevant le signal condition-
né et laissant passer des parties basse fréquen-
ce du signal conditionné pour un traitement ul-
térieur de celles-ci ;

un module d’Euler pouvant fonctionner afin de
recevoir les signaux conditionnés et afin de con-
vertir les signaux conditionnés représentatifs
d’un cadre de référence d’inertie en un cadre de
référence de plateforme de mouvement pour
fournir des signaux d’a-coups, de tangage et de
roulis aux actionneurs ; et

un filtre de fréquence aval pouvant fonctionner
en aval afin de recevoir le signal conditionné et
afin de fournir des signaux de roulis, de tangage
et de lacet aux actionneurs.

Systeme de commande selon la revendication 6,
comprenanten outre un module de grondement pou-
vant fonctionner pour fournir un effet de grondement
aux actionneurs.
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